Wegener's granulomatosis ( WG) is an inflammatory disorder characterized by granulomatous inflammation and vasculitis, and is strongly associated with antineutrophil cytoplasmic antibodies (ANCA). ANCA in patients with WG are directed against proteinase 3 (Pr3) in most of the cases. In vitro, upon neutrophil priming, ANCA antigens are expressed on the cell surface, thereby becoming available for interaction with ANCA. Subsequently, these neutrophils become activated. Since ANCA can only interact with leucocytes when the ANCA antigens are present on the cell surface, we questioned whether Pr3 is already expressed on the membranes of circulating granulocytes and monocytes of patients with WG, and whether Pr3 expression is related to disease activity, so explaining the systemic nature and severity of the disease. The expression of Pr3, and other ANCA antigens, i.e. myeloperoxidase (MPO) and human leucocyte elastase (HLE), was analysed on circulating granulocytes and monocytes by flow cytometry, using a non-activating whole-blood method. Disease activity was quantitated using the Birmingham Vascultis Activity Score (BVAS). Seventeen patients with active WG and anti-Pr3 antibodies were included in this study. Nine of these patients were also analysed at the time of remission. Twelve patients with sepsis served as positive controls, and 10 healthy volunteers as negative controls for granulocyte/monocyte activation. Pr3 expression on neutrophils was increased in patients with active WG compared to patients with quiescent disease and healthy controls. On monocytes, no differences in Pr3 expression were found between those groups. Furthermore, the expression of MPO and HLE did not differ between patient groups and healthy controls. Upon follow-up, the expression of Pr3 on neutrophils from patients with active WG decreased when patients went into remission. Pr3 expression on neutrophils correlated with the BVAS score (r = 0.40, P < 0.05). In conclusion, circulating neutrophils from patients with active WG have increased expression of Pr3. In addition, the expression of Pr3 correlates with disease activity, suggesting that the availability of Pr3 for interaction with ANCA plays a central role in the disease process.
W' granulomatosis ( WG) is an inflammatory
antigens as well as with Fc receptors, especially the second Fc receptor, on the neutrophil cell surface, disorder of presumed autoimmune origin characterized by chronic inflammation of the respiratory tract, vascuwhich may lead to neutrophil activation [9, 10] . We previously found that changes in ANCA levels litis and glomerulonephritis. WG is strongly associated with antineutrophil cytoplasmic antibodies (ANCA) .
are related to disease activity in patients with WG [3] . ANCA in patients with WG are directed against proIn some patients, ANCA levels are persistently high teinase 3 (Pr3) in 80-90% of the cases [1] . In the during remission without any sign of disease activity, remaining patients, ANCA are directed against myeloso the presence of ANCA is not equivalent to the peroxidase (MPO) or, occasionally, to human leucopresence of active disease [11] . Since ANCA can only cyte elastase (HLE) [2] .
interact with leucocytes when the ANCA antigens are Although the pathophysiological role of ANCA has present on the cell surface, we questioned whether Pr3 not yet been fully elucidated, several lines of evidence is already expressed on the membranes of circulating suggest that ANCA are involved in the pathogenesis granulocytes and monocytes, and whether Pr3 expresof WG. Firstly, relapses of WG are frequently preceded sion is related to disease activity, so explaining the by a rise in ANCA titre [3] and can be prevented systemic nature and severity of the disease. Csernok by treatment based on changes in those titres [4] . et al. [8] found, in patients with WG, that circulating Secondly, in vitro, ANCA have the potential to activate neutrophils express Pr3 on their cell surface. In the primed neutrophils to the production of reactive latter report, Pr3 expression was studied on granulooxygen species and the release of lytic enzymes, and cytes that were isolated in vitro. Since purification to damage cultured endothelial cells [5] . After priming procedures may have induced increased expression of with tumour necrosis factor alpha ( TNF-a) in comPr3 in vitro, we used a non-activating whole-blood bination with cytochalasin B [6, 7] [15] . the dark. Subsequently, cells were washed and stored until flow cytometric analysis was performed.
ANCA detection
ANCA were detected by indirect immunofluoresAnalysis of surface marker expression was performed on a Coulter Epics ELITE flow cytometer cence on ethanol-fixed granulocytes as previously described [2] . Patient or control sera were tested in a (Coulter, Hialea, FL, USA), the same day or, in some cases, the next day (always within 18 h). When the dilution of 1:20, and further at 2-fold dilutions. Slides were read by two independent observers, and a titre cell pellet contained erythrocytes, the intercalating dye LDS751 ( Exiton Chemical, Dayton, OH, USA) of 1:Á40 was considered positive.
The specificity of ANCA for either Pr3, MPO or was added before flow cytometry measurement. Erythrocytes could succesfully be excluded from the HLE was detected by capture ELISA as previously described [16 ] . Sera were considered positive for leucocyte population in the LDS751/forward scatter dot plot, when combined with a lifegate. Neutrophils one of the aforementioned specificities when values exceeded the mean + 2 .. of normal controls and monocytes were identified by forward and sideward scatter. Eosinophils were excluded from the neu-(n = 50).
trophil population by their high autofluorescense. Data were analysed using Immuno-4 software [19] .
C-Reactive protein detection
C-Reactive protein (CRP) concentrations were In the first experiments, QC3 beads ( Flow Cytometry Standards, Leiden, The Netherlands) were measured by using a particle-enhanced nephelometric method and NA latex CRP reagents (Behring, used to calibrate the flow cytometer. However, these beads appeared not to be stable during the study Marburg, Germany).
period. In addition, batch-to-batch quality varied remarkably. Therefore, we decided to compare the Surface marker analysis by flow cytometry
To avoid in vitro activation of granulocytes, we used results obtained in patients with those obtained in samples from healthy, age-matched volunteers who a whole-blood method [17, 18] . EDTA-anticoagulated blood was kept on ice until sample preparation. Sample were measured simultaneously. The expression of surface markers was calculated as preparation was always started within 5 min after blood sampling. All steps were performed in Hanks a mean fluorescense intensity (MFI ) in combination Progressive glomerulonephritis, i.e. a decrease in renal function of 30% or more within 3 months in combination with (microscopic) haematuria or evidence of acute necrotizing lesions on renal biopsy b.
Pulmonary infiltrates with or without cavitation with rising C-reactive protein levels either with necrotizing granulomatous inflammation or necrotizing vasculitis on biopsy, or-when no histological proof can be obtained-after exclusion of infection and malignancy c.
Sinusitis, otitis, ulceration of nasal mucosa, or a nasal proliferative mass, in combination with necrotizing granulomatous inflammation on biopsy d.
Miscellaneous: progressive mononeuritis multiplex, cranial nerve palsy, cerebral vasculitis, necrotizing scleritis, orbital pseudotumour, progressive tracheal stenosis with active disease on biopsy, peripheral gangrene, necrotizing vasculitis of medium-sized or small muscular arteries with the percentage of positive cells (pos%). Data were Expression of ANCA antigens on neutrophils The expression of Pr3 on neutrophils from patients expressed as a percentage of the expression (MFI ) on neutrophils and monocytes from healthy controls, corwith active disease was higher compared to patients with quiescent disease (P < 0.05) and healthy controls rected for non-specific binding of an irrelevant antibody and the conjugate (NSB), and the percentage of (P < 0.05). In paired observations, the expression of Pr3 on neutrophils from patients with active disease positive cells, according to the following formula: was higher than that on neutrophils from the same
patients during quiescent disease (P < 0.05). Data are represented in Figs 1 and 2 , respectively. Bimodal expression of Pr3 on granulocytes, as Statistical analysis descibed by Halbwachs-Mecarelli et al. [20] , was Groups were analysed for differences in surface observed in both patients and controls. In our study, expression by means of the Kruskal-Wallis test.
the bimodal distribution of Pr3 was found in 10 out Subsequently, differences between groups were anaof 17 patients and in eight out of 53 healthy controls lysed by the Mann-Whitney test. Correlation between who were analysed during the study (P < 0.01). parameters was analysed by the Spearman rank corRepresentative data are shown in Fig. 3 .
relation test. The paired Wilcoxon test was used to
In contrast to the expression of Pr3, the expression test differences between paired observations. These of MPO and HLE on neutrophils did not differ between tests were performed using GraphPad Instat2 Software.
the various stages of disease activity, nor did it differ from controls, whereas the expression of MPO RESULTS (P < 0.001) and Pr3 (P = 0.05), but not the expression Patients of HLE on neutrophils from patients with sepsis, was Seventeen patients (nine male, eight female; mean increased compared to healthy controls. The expression age 50.5 yr, range 27-85 yr) with WG were studied. of MPO on neutrophils from patients and controls is All had active disease, i.e. either newly developed shown in Fig. 4 . disease (n = 10) or relapsing disease (n = 7). Additionally, nine of these patients were also analysed at times of quiescent disease. Patient data are given in Expression of ANCA antigens on monocytes The expression of Pr3, MPO and HLE on monocytes Table II for patients with vasculitis and in Table III for patients with sepsis.
did not differ between patients and healthy controls. F. 3.-Flow cytometry histogram representing the bimodial distribution ( light grey) and a normal distribution (dark grey) of proteinase 3 surface expression and the negative control staining (black) F. 1.-Box and whisker plots indicating the overall range (error on neutrophils from a patient with active ANCA-associated vasculitis bars), 25-75% range (boxes) and median value (horizontal lines) of and a healthy control. Absolute cell count and the mean fluorescence the surface expression of proteinase 3 on neutrophils (PMN ) from intensity (MFI ) are depicted on the y and x axes, respectively. patients with ANCA-associated vasculitis (A, active disease; Q, quiescent disease) compared to the expression on cells from patients with sepsis (S) and healthy controls (C ). *P < 0.05, #P = 0.05 compared to healthy controls; &P < 0.05 compared to patients with quiescent disease.
F. 4.-Box and whisker plots indicating the overall range (error bars), 25-75% range (boxes) and median value (horizontal lines) of the surface expression of myeloperoxidase (MPO) on neutrophils (PMN ) from patients with ANCA-associated vasculitis (A, active disease; Q, quiescent disease) compared to the expression on cells F. 2.-Paired observations of proteinase 3 expression on neutrofrom patients with sepsis (S ) and healthy controls (C ). *P < 0.05 phils from patients with active and quiescent disease (n = 9). compared to healthy controls.
In contrast, in patients with sepsis, the expression of Pr3 (P < 0.05) was increased, whereas the expression of MPO (P = 0.06) tended to be increased compared to the expression on cells from healthy controls ( Figs  5 and 6 ). In addition, we found that monocytes from both patients and controls exhibited a higher surface expression of MPO, whereas neutrophils exhibited a higher surface expression of Pr3 (Fig. 7) .
Correlations with markers of disease activity
A statistically significant correlation was found between Pr3 expression on neutrophils and the activity F. 7.-Expression of proteinase 3 and myeloperoxidase on neutroof the disease as measured by the BVAS score phils and monocytes from healthy controls. *P < 0.05 monocyte vs neutrophil MPO expression.
(P < 0.05, r = 0.40). Furthermore, neutrophil Pr3 expression tended to correlate with CRP values (P = 0.08, r = 0.36). In addition, Pr3 expression correlated with white blood cell counts (P < 0.01, r = 0.51). Pr3 expression tended to correlate with the expression of MPO on neutrophils (P = 0.09, r = 0.34).
DISCUSSION
This study demonstrates that in patients with WG, the expression on neutrophils of Pr3, the main target antigen for ANCA in these patients, is increased during active disease. During remission, the expression of Pr3 decreases to values comparable to healthy controls. Furthermore, the expression of Pr3 on neutrophils in both neutrophils and monocytes. From in vitro data, it is known that, after priming, ANCA antigens can be detected at the cell surface of these cells. Priming of these cells results from stimulation by proinflammatory cytokines, which in vivo may be released locally during infections. Indeed, in patients with WG, infections play an initiating role in the disease process [21] .
The occurrence of ANCA antigens at the cell surface is possibly the result of a charge interaction between the positively charged ANCA antigens and the negatively charged cell membrane. Another possible explanation could be the presence of an unidentified membrane-bound receptor for these antigens. Finally, Gilligan et al. [22] demonstrated ANCA antigen surface expression on apoptotic polymorphonuclear neutrophils (PMN ), which was a result of cytoplasmic granular translocation during apoptosis. granulocytes, which may result in increased expression of degranulation markers due to this purification the extent of priming, a state of pre-activation, of these cells. These primed cells can be targets for ANCA once method [18, 23] . In the present study, we used a wholeblood method, in which cells were not isolated, but they adhere to ( locally activated) endothelium.
In conclusion, circulating neutrophils from patients fixed with paraformaldehyde within minutes after collection. In our study, Pr3 expression on neutrophils with active WG have increased expression of Pr3. In addition, the expression of Pr3 correlates with disease was only increased in patients with active disease, but not in patients with quiescent disease. Furthermore, activity, suggesting that the availability of Pr3 for interaction with ANCA plays a central role in the Pr3 expression in patients with WG was found to correlate with disease activity. disease process. Previously, Halbwachs-Mecarelli [20] demonstrated A in vivo a bimodal distribution of Pr3 surface expression on neutrophils from healthy individuals (see also
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